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PIRE EXTINGUISHERS CONTAINING INHIZITED LITEIUM CHLORIDE SOLUTION FOR
PGLAR TSF

Y-R0OG7-08-903
Iype B Final Report

BHee

.

Carl V. Brouillette

OBJECT OF TASK

To determine suitable contairer materials an’ effective corrosion
inhibtitors compatible with water solutions of iithium chioride for use

3 = - — 2 -~ b I o, -
in £irc extinguishers in polar climstes.

ABSTRACT

Previous experiments under this task using small metal test panels
resulted in th. selection of a sodium dictromate-oxalic acid inhibitor
for use in protecting stainless steel froc correcsion by a 24-percent
lithiua chloride solution. Subseguent testing with unlined stainless
steel extinguishers showed that the inhibitor did =»ot prevent inter-
granular and crevice corrosion.

In this investigation, five different commercial extinguishers.
favricaizd oi drawn brass or siiicor bronze and lined with a lead alloy,
were tested with the lithium chloride solution using either sodium
dichromate-oxalic acid or sodium dichromate alone as an inhibitor. It
was determined -hat 0.5 perceant sodium dichromate satisfactorily iadhidits
corrosion by the water soluviinn of lithium chloride when contained ia an
extinguisher of drawn brass.
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INTRODUCTION

in 1.3 a study on “Low-Temperature Fire Extinguishing Agents"1
was reported. As 2 result of this investigation a 24-percent water
solution of lithium chloride was selected for use in fighting Class A
fires. A low eutectic made it satisfactorv for use in
polar climates. However, the soiuntion was found to be
a study was made at NCEL to find 2 corrosion inkibitor
container for use with this solution.

extinguishers in
very corrosive;
anifor a svitszble

reported, from NCI'L tests rnade am small panels,
H SUsium ichirumaete 2ad oxaiic acid was added to
the 24-percent 1 cnioride solution, corrosion of staimnless steel
as almost completely inhibited. Suvbseguent tests made with commercial

i-gallon stainless steel ifire extinguishers shwwed, nowever, that
ough general corrosion was inhibited, severe corrosion cccurred at
s and seans.? Further reference to the small panel tests irdicated
the pcssibility that brass or bronze extinguishers would prove satis-
fzctory for use with an inhibited lithium chloride solurion.

Several brass or bronze extinguishers are manufactured for nce

witrth
shitired caicium chloride solutions.

Since lirhium chioride solutions
are only slightly more corrosive than soluticns of cazlcium chloride, it
was decided to test these extinguishers with the lithiuxm chloride solu-
tion. Ten were purchzsed, two from s2ach of five manufacturers, and
studies were mace of their suitability as containers for inhibited
Zi-percent water solutions of lithium chloride.

Tne extinrguishers
tested are listed below:

1. Americarn-La France-Foamite Courporaticn, Elmira, New York;
Modei 3#-2 anti-freeze extinguisher, 2-i/2-gallon silicon
bronze, 350-pound test.

2

. Elkhart Eress Manufacturing Company, Inc., Elklars, Indiana;
No. X-a (for anti-freeze solutions) 2-1/2-gallon polished
brass, >Q0-pound test.
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Fyr-Fyter, Division of Fyr-Fyter Company, 221 Crane Street,
Dayten, Ohio; anti-freeze extinguisher Ne. 94-1%1, 2-1/Z-galion
drawn brass 50C-pound test.

Walter Kicdde and Company, Inc., Industriai and Marine Division,
Bellaville 9, New Jersey: Model KAM, anti-freeze extinguisher,
2-1/3-gai‘on silizon Lronze, 350-pound test.

Pyrene C-0-TWO Division, The Fyr-Fyter Company, Newark 1, New
Jersey; No. W-13 anti-freeze extinguisher, 2-1/2-zallon drawn
brass, S00-pound test.

Spectrographic analysis of the lining material of all these extin-

guishers showed an alioy of lead and tin; these analyses are shown in
Table 1.

Table I. Container Material

xtinguisher
E & Xetal

Mfr. and Mode: % Tin 7 Lead inches

snmerican-La Fr. Silicon Bronze 60

0.v0%

Elkhart

‘ z 50
Yo. X-4 Drawn Bras 5

Lining Hateriall Thickness* in
i
|
!
}

Fyr-Fyter . ~ : < s
No. 95-11 prawn Brass 50  { 0.095 minimum
Walteir Kidde s :
Model KAM Siif{con Bronzef 60
Pyrene C-0-THO

! Model ¥-13 Drawn Brass ! 0.002-¢.003

&

Dats from manufecturer




PROCEDURE

Test Coiditions

Uhlig3 shows that znode-cathode relationships of metailic couples

of lead and coppar can be reversed by changing the pH. Both brass 2nd

. bronze fire extinguishers were tested using lithium chloride solutions
contaiaing: (i) sodium chromaze ct pE 8.3, (2) sodium dichremate at

PH 3.6, a@.uu {3) sodium dichromate and oxalic acid at pH 1.5.

The extinguishers were filled with the test lithium chloride solu-
tions. 1In order to accelerate the corrosive action, tiey were kept at
2 constant temperature of 140 F for two months. At the end of this test
period the clear supernatant solutions were decanted, ani the residual
liguids containing the insoluble corrosion products were filtered. The
corrosion products adhering to the surfaces of the container were removed
by brushing with a nylon-bristle brush. The res-dues were then combined,
dries at 110 C for about 17 hours. and weighed. The corrosion which had
occurred in cach container was measured by the weight of the ccrrosion
residue obtained at the end of each two-month test period.
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Three separate two-month tests were conducted using ten fire
extinguiskers in all. Upon completion of all tests the extinguishers
were cut in half vertically. The linings were examined visually to
determine their condition, and photographs were taken of each.

Tasts

Test No. i. Five new extinguishers (one from each menufacturer)
were cleaned with a nylon-bristle brush. After 2 carei:zl rinsing, they
were 1ilied with a Zs-percent iithium chlioride soluticn coataining the
0.5-percent sodium dichromate-0.2-percent sxalic acid inhibitor, and

p
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placed in a2 constant-temperature box at 140 eriod of two months.

Test No. 2. After cleaning, the same extinguishers were used in
Test No. 2. 1Ir this test, the lithiw= chloride solution contained oniy

sodium Jichromate {C.5%}) as the corrosion inhibitor. The test conditions
were identiczl with those in Test No. 1.

Test Ye. 3. The extinguishers used In the first two tests and the
&

remaiuing Sive ncw extinguishers were employed in the final test. The
interiors »f the new extinguishers were cleaned as im Test No. 1. Each
exringuishar was filled with a lj-percent lithium chioride soluztion

s yirzaning corrosion imnibitors as l:szed in Table II. Test conditions
rzzaiged uachanged.
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IT. Corrosion

Manufacturer

Material

Inhibitor

american-La France

Elkhart

Evr-Fryter
Kidde
Pyrene C-0-THO

American-io France

ixhart

Fyr-Fyter

Kiade

Pvrens (~-0-TWO

New/Bronze

New/Brass

ew/ brass

New/Bronze
New/3Brass

Hcoﬁ!krnnvo

Used/Brass

Used/Brass

Used/Bronze

Used/3Brass

0.57 Sodivm dichromate

0_37 Soadium

chromate

C.3% Sodium dichromate
- 0.27% oxalic acid

0.5% Sodium dichromate

0.5% Sodium dichromate
- 0.2% oxalic acid

0.5% Sodium chromate

TEST RESULTS

Previous Tests

Previous Laboratory

tests of a large number of zcorrosicn inhibitors

showed that sodium dichromate, either alone or combined with oxalic acid,
w2s the most suitable for use with the 24-percent lithium chloride suiu-
tion.” During thos» tests both stainless steel and brass test panels had

been given excellent protecticn. However, tests using 2-1/2-gallon
stainless steei fire extinguishers showed severe attack by the inhibited
iithium chloride solution along seams and welds, Figures 1 and 2 {figures
taken from Reference 2). The attack by the inhibited lithium chloride
solution at the seams and welds of the stairless steel extinguisners was
so severe that the extinguishers did not survive a two-monch test period,
Figure 2 (arrows show locations of perforations).




w«

IR f
Ty
x:.,

3

!

AR

*

de 2-1/2-gallon stai

insi

Intergranular corrosion

less steel e

Figure 1.

isher.

ingu

xt

S ———— o e

Crevice corrosion and intergranular corrosion of

Figure 2.

nless steel.

ol
o

st




Present Tests

When lithium chloride solutions were tested inside & lead-lined
brass or bronze container. the addirtion of sodium dichromate inhibitor
gave the best protecticn. Reference to Tables III and IV shows that
in almost every instance the quantity of corrosion residue obtained at
the end ot each two-month test using sodium dichromate alone, at ph 3.6
was approximately one-tenth of that for sodium dichromate-oxalic acid at
PR 1.5. At pH 8.3 sodium chromate (sodium dichromaze-sodium hydroxide)
the quantity of corrosion residue was also greater than that at pH 3.6.
At pH 1.5 the corrosion was of the same magnitude as that obtained where
no inhibitor was used.

When using either inhibitor (sodium dichromate or sodium dichromate-
cxalic acid), the greatest amount of corrosion residue was obtained from
the Elkhart and Pyrene C-0-TWQ extinguishers, Table IXI.

Y £ 3 T e m
Table ITY, Corrocicn Rosziduc, Tests

Test 1% Test %%

Extinguisher Residue®** Residue®==

Elkhart 3.93
Pyrene C-0-1IWO 2.89
&merican-La France 2,17
Fyr-Fyter 1.78

Walter Kidde 1.67

* Inhibitor - 0.5% sodium dichromate - 0.2% oxalic
%** Inbkibitor - 0.57 sodium dichromate
**% Residue weight in grams




Table IV.

Corrosion Residue, Test 3

Extinguisher Inhibitor p4d | Residue (grams)
0.5% sodium dichromate - .
- < - - o
Elkhart: -0.2% oxalic acid 1.5 2.4
|
0.5% sodium dichromate
¢ i i . 17
Pyrene C-0-Twof (plus NaOH) 8.3 1.1
f American-La Francet | 0.35% sodium dichromate | 3.6 0.27
: Fyr-Fytert 0.57 sodium dichrcmate | 3.6 0.22
!
, 0.5% sodiuw dichromate .
Valter Kiddet 20.27 oxalic acid 1.5 2.1¢C
Elkhart3 0.5% sodium dichromate | 3.6 0.25
{ Pyrene C-0-TWOF 0.5% sodium dichromate | 3.6 1.3%
American-La France# No inhibitor 7.3 2.22
0.5% sodium dichromate )
Fyr-Fyters -0.2% oxalic acid 1.6 2.42
Walter Kidde# 3.5% scdium dichromate | 3.5 0.21
+ Used in Tests 1 and 2
+ New extinguisher
Visual inspection of the ten containers of Test 3 revealed severe ¢

losses of lining in several instances.

It should be

noted here that

five of these had been used three times over a period of six months,

and five had been tested for two months.

relative condition of the iaside of the containers.

observed on the linings of all of the specimens exposed for six months.
In Figures 4 and 7 the corrosion of the lining of the Elkhart and
Pyrene C-0-TWC extinguishers iias exposed large areas (see arrows) of

brass. The attzck appeared to have started at pin-hole breaks in the

Figures 3 through 7 show the

Pitzing can be
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lining and at the seam around the bottom of the container. The silicon
bronze containers are of welded construction and contain seams vertically
and around the top and bottom, as shown in Figures 3 and 6. Although
seams are more susceptible t. atiack than plain surfaces, no failure of
the liping had occurred at the seams in the silicon bronze extinguishers.
Variations in the tin-lead ratio of the lining materials were not great
and were not considered to be an important factor in the failure of these -
linings.

The stained area in the Kidde bronze container, as shown in outline
in Figure 6, was caused by brass-corrosion products which originated in
the area of the outlet at the top of the container. This same conditicn
can be observed to a lesser degree in some of the other photographs.

When the cut edges of the containers were viewed through a 30-power
lens, the lining in the Fyr-Fyter appeared to be the only one that was
thick enough to afford much further protection. ..1 others were very
thin. The Elkhart and Pyrene C-0-TW0 linings were perforated, and the
linings on the Walter Kidde and American-La France containers were badly
pitted. Perforation would soon have occurred in these had the test
periocd been iengthened. The lining in the Fyr-Fyter showed the least
evidence of attack, as can readily be seen in Figure 5. This extinguisher
also produced the smallest amount of corrosior residue and had the
greatest residual thicxness when the test was completed.

Any container found suitable for use with the lithium chloride
solution must also withstand an internal pressure near 500 psi. A slow-
burning propellant was developed by the Naval Resesrch Laboratory for
use in the 2-1/2-gaiion fire extinguishers. Tais propellant produces
pressurc in the neighborhood of 500 psi ir the efflueant hose or nozzle
is clogged with ice or foreign mztter. 3ress and bronze leaa-ailoy lined
containers tested to withstand this pressure are commerically available.

CONCLUSIONS

1. Sodium dichromate (0.5 percent by weight) at pF 3.6 will protect
lead-alloy-1ined drawrn brass or silicon bronze fire extinguishers from
the corrosive action of a 24-percent lithium chloride solution. A
heavy lining of lead alloy (0.005-inch minimwm) is necessary to protec.
the inside of the contziner.

ur dichiromate (0.3 percens)-oxalic acid (0.2 percert) at pH 1.6
t stainless steel from attack by a 24-percent lithium chloride

- . .o




3. Sodiwxr cdichromate (0.5 percent)-oxalic acid (0.2 percent) will not
protect welds or seam< in stainless steel. (All current stainless steel
2-1/2-gallon fire extinguishers contain welds and seams.)

4. Welds and seams are areas of potential attack by corrosion.

RECOMMENDATIORS

1. That sodium dichromate at 0.5 percent by weight be used as the
inhibitor for the 24-percent lithium chloride solution. The inhibited
solution would contain 76 1b water, 2% 1b lithium chloride and 0.5 1b
of sodium dichrcmate.

2. That stainless steel extinguishers not be used as containers fc~
lithium chloride solution.

3. That silicon bronze co:tainers, beucusa they are fabricated with
welds and seams, not ce used with 1ithium chloride solutions.

4, That the 2-172-gallon extinguishers be constructed of seamless
crawn brass, lined with 2 minimum of 0.005 tiches of 2 lead 2lloy and
pressure-tested to 300 pourds per square inch.

5. Because sodium dichromate is a toxic material, it is recommended
that contact with skinr and eyes be avoided and that contaminatec parts
and clothing be thoroughly washed with soap and water.™

REFERENCES

1. U. 3. Naval Civil Engineering .cboratory. rechnical Memorzndum M-108.
Evaiuation of Halogenated Hydrocarbons and Alkali-Earth-Metal Sali Fire
Extinguishing Agents for Low Temperaturses, by R. J. Zabiodil. Port
Hueneme, Califc¢rnia, 1 November 1955.

2. u_ S, Xaval Civil Eggineering Laboratory. Technical Rote N-328.
Corrosion Inkibitors for Lithiux Chloride Soluticms, by C. V. Brouillette.
27 January 1958.

3. Uhlig, H. il. Corrosion Eandbook, Jjibn Wiley and Sons, Inc., New York,
1943, p 213.

4. Sax, K. Irving. Handboox of Dangerovs Materials, Reinhold Publishiag
Corporatiorn, New York, 1951, sp 102-103.

P R X S i

MAL L dwvedee 2 Y




A
¥ .,m_ 7&.”?”1 _m,,
ML{% N R

N

ilicon Bronze.

S

~
ds
™
~
§
L)
o
g
8
~
&
q
i1
ol
"
g

Figure 3.




-

. LT e i
' ... . LT ..«\M ,A,
.” UG- i N ' 3 poaet A e X 1 AV Lt
.w Bl o s s
R - S P R TP _
g TR O R LR R
h) 4 \; 3 »
\ 4
; ~ : .

b% _ sg, Y» B

\ LI

<




impa 1
0

(/Y

SN

Drawn Brass.

-
r~
el
<
o
red
:

Fyr-Fyter,

igure 5.

F




Q
&
[¢]
Y]
m
§
o
i
-t
i
wn

~
3
—t
a
t3
2

~
@
o
o
]
Wl

Figure 6.

-




L]
n
Q
M

m
8
d

[~

L)

[1a]

-

|
~
U

-
O

X

"

&

é

d
&
o
N

&

L]

~

Figure




DISTRISUTION LIST

Chief, Bureou of Yords und Docks

BuDocks Stendord Distrabeus:en

Nzvol Forces Commonders (Taiwen Only?

Construction Betralions

39D 3siele Construction Botrtonisnas

Amzhit:ous Construction Banclicns

Constecction Bottclion Bose Units

Chief of Novai Resancch  Oal,

Chiet of Navel Operctions (Co-07, Op-04)

Surecus

Colleges

2 Fa Laborctory ONR (Woshington, D. C. Only)
3 ER T Training Device Center
g F9

Station - CNO (Boston; Key West, fiew Orleans, Son Jusn; Long Beoch; Sen Diego:
------ 1slcnd, ond Rodmwa, C. Z. Only)

Co=xzunicstion Station {Scn Juen; Son Fronessco: Peorl Horbor; Adok, Alaske, ond
Guem only)

Ad=inistretion Commoand end Unit CNO (Ssipen only)

Communicetion Fecshity (P1. Lysutey end Jepon ealy)

1 F21 Security Stetion

2 Fe2 Recdio Station (O30 ond Cheltonhom onlyj)

i 23 Recio Facility (Londonderry only)

H Far Secumity Groug Attiveties {Finter Hurbor oniyld
a H3

Hospitol (Chelsea, St. Albens; Portsmouth, Ve, Becufort, Grect Lckes, Scn Crogo;
Ozsklend; ond Comp Pendleton only)

Mediccl Center

Adminsstrotion Cormand ond Unit-BuPers (Grect Lokes ang Szn Diego only)

Aur Defense Treining Center {Virginio Beoch only)

Amphibious Boses

Recerving Station (Brooklyn onaly)

2 131 Qetzcining Commond
H 33 Station - BuPers (Weshington, D. C only)
H 137 Tr g Center (Boinbridge only}

Perzonne! Center

Construction Trcin.ag Une

School Acodemy



Distribution Lest (Cont®d)

No. of

copics

1 365 Schoo! CEC Officers
1 384 School Postgrzduote

1 3350 Schoo! Supply Corps °
] 395 Schoot Yor Coilege

1 199 C ction Troining Center

11 il Shipycrds

E L?

Loborotory - BuShips (New London; Panoms City; Corderock; ond Anncpolis only)

5 L26 Novol Fezilities - BuShips (Antigua; Turks Is'snd, Barbodos: Son Sclvodor: ond
Slcuitwero oniyy
3 L30 Submorine Bose (New London only)

Nova! Support Activities {London & Naples only;

z Fleet Activities - BuShips

E 227 Supply Center

7 428 Supply Depot (Except Guentonomo Boy; Subic Bay, end Yokosuke)
2 w51 Aviction Sugoly Office

3

BuDocks Director, Oversenz Civesion
Public Works Offices
Constsuction Battelicn Center
336 Construction Officer-in-Cncrge

Construction Resident.Officer-in-Charge
Public Works Center
Housing Activsty
Recrurt Depots
Supply Insiclictions {Alhcny cnd Berstow only)

wonne Corps Schools, Quantico

Menine Corps Bose
1 RES tar:ne Corps Cemp Detackment (Tengen only)
Asr Stotion
A Statson

2:e Stetion Auxslicry

[V}
A
(g]

Aw Faceity (Phoenia; Monterey, Dzzz===, Mohe, end Neples only)

o
x
-
1]

Menne Corps Air Stotion {Sxcept Quantico}
tter-ae Corps Auxelicry Aur Stotion
Stztion - BuReps (Except Rots)

Fleer Aircraft Service Szucdron



